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(54) , Axle suspension systems 

(57) Axle bearincj suspension system for a wheeled 
vehicle wherein external forces imposed on the vehicle 
to which the suspension system is attached resutt in tor- 
sional forces being imposed on the axle. The suspen- 
sion system includes a brake actuation mechanism 
comprising a brake chamber (27), an S-cam assembly 
and an S-cam bearing (79). According to, the present 



invention the axle bearing suspension system com- 
prises devices (85, 87) located on a beam (59) support- 
ing the axle for attaching the S-cam bearing (79) directly 
to the beam, and devices (73, 99) for directly attaching 
the brake chamber (27) to the beam. 
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Description . , . . v . . . . : . .... .. significantly reduced ;.and life-expectancy dramatically 

... . , increased over known' suspensions employing resilient 

FIELD OF THE INVENTION " axle-to-beam connections, while at the same time, the 

extra weight of attendant resilient beams (e!g. leaf 

This invention relates to axle suspension systems 5 springs) was avoided. In some instances, in fact, the 

for wheeled vehicles. resilient bushings at the pivot ; outiasts the life of the 

vehicle. *, 1 ' ' 

BACKGROUND OF THE INVENTION In 1 991 , an irnportant jmprbvement in the aforesaid 

invention was disclosed, upon the issuance of U.S. Pat- 
The subject invention finds particular .utility in the io ent No. 5,037,126. Employing the basic concepts in 'the 
heavy duty truck and trailer industry. In this industry, the '640 patent' of a. rigid axle-to-beam connection, frigid 
use of air brakes and air-ride beam-type suspensions beam, and orificed resilient pivot bushing^ the invention 
has become quite popular. Such suspensions come in of the '126 patent included a unique rigid beam and axle 
wide and varied forms. Generally speaking, however, connection thereto which significantly reduced the 
they include a pair of longitudinally extending beams 75 weight of the overall suspension even further, 
(flexible or rigid) one of which is located adjacent each The above two patented suspensions are ideal 
of the two longitudinal side frame rails located under- examples of rigid beam, trailing arm suspensions find- 
neath the body of the truck or trailer. These beams are ing high acceptability in the truck and trailer industry, 
then pivotally connected at one end to the frame hanger The pioneer, inventive concept of U.S. Patent No. 
that is attached to the frame rail of the vehicle. Spaced ?o 4,1 66.640 in this ijespect constitutes the preferred back- 
along the remaining length of the beam is an air bag ground from which the.'instant invention arises, 
(bellows) and an axle. The beam may be underslung or Examples of other resjliently bushed axle-to-beam 
overslung, with, respect to the axle, and the air bag(s) connection suspensions employing rigid beams may be 
may be located fore or aft of, or in a vertical line with, the found, for example, in U.S. Patent Nos. 3,332,701; 
axle. The axle may be connected to the beam rigidly or 25 3,1 40,880; 3,482,854; 3,547,21 5;^ and 3,751 !o66. 
resjliently. The beam may extend in a "trailing" or a Examples of f lexible beam-type, suspensions with resil- 
"leading" direction from its pivot, thus defining a trailing ient or rigid axie-to-beam connections include U.S, Pat- 
or leading beam suspension. Equivalents of air bellows, ent Nos. 3,785,673;, 3,918.738; ,3.612,572,. as wetj as 
such as large rubber balls or pads or hydraulic cylin- the GMC Astro- Air suspension, the Dayton Air Suspen- 
ders, may be employed instead of air bags. ^ 30 sion, Western Unit Air Suspensions. Hutchens Suspen- 
Prior to the advent of the invention in U.S. Patent sions, and the .Fruehauf .Cargo, Care and f?ro-Par 
No. 4,166,640, the truck and trailer suspension art had Suspensions, just.to name a feyv. I' 
not been able to successfully achieve a rigid axle-tor A typical trailing arm suspension ,1 7. is shown in Fig- 
beam connection employing a rigid beam. In short, ures 5,6 & 8 in this respect. . V. " f !T f ". , 
either the axle-to-beam connection had to be made, in 35 it consists of suspension bracket 41 which, is pivot- 
some way, resilient, and/or the beam had to be mad,e ally attached at 46 to a trailing arm beam 42 that j'is slip- 
flexible, in order to successfully take up the operative ported at one end by bracket 4J and at.the other. erxj'by 
articulation forces experienced during vehicle opera- air spring 43. . Beam i 42 has a means of a- rigid, attacl? r 
tipn, even though a resilient bushing was employed at ment 44 to axle 7. . . . . .1 . ,! * 

the pivotal connection (e.g. in the hanger bracket) 40 ;) Suspension 1 ^further \jncludes 'a 't^q^K^ake 

between the beam and frame rail. By employing a suffi- actuation, mechanism ,1 9, comprising' brake, chamber 

ciently sized, resilient pivotal connection which provided 27, rod 29 and S-cam 37, S^cam bearjrig 37A and.Wck 

a greater degree of deflection, hangerwise than beam- adjuster 45. 

wise, thereby to take up the operative forces at the pivot A problem in the suspension art, which existed and 
while tracking and roll -stability were maintained, the 45 is now overcome by the instant .invention is. discussed, 
invention disclosed in the above-cited '640 patent (see The problem experienced, as partially, illustrated in Fig- 
Figures 5,6 & 8) constituted a significant, indeed pio- ure 5, and best illustrated in Figure 8, was the need in 
neer, advance in the truck and frailer suspension field, prior suspensions of the leading and trailing beam type 
This pioneer advance occurred because, by the use of to have to attach brake actuation mechanism 19 by 
such a unique pivotal connection, there could then be so bracketry ..(e.g. . 47 . and 51) to the axle.. Usually, this 
used in combination with this resilient pivotal connection necessitated welding (e.g. 49 and 53) both brake cham- 
a rigid beam and a rigid axle-to-beam connection In ber brackets 51 and S-cam bearing brackets 47 by way 
fact, in the preferred forms of this patented invention, of six bracket attachments to the axle in an area of high 
the resilient pivotal bushing system was so designed torsional stress. This can result at times in reduced axle 
that it took up, successfully, virtually all of the operative 55 life. For this reason, there exists a considerable and 
articulation forces during vehicle use, while the suspen- long-felt need in the art for a new suspension that would 
sion as a whole meets all criteria for a very safe suspen- allow the safe attachment of the brake actuation mech- 
sion. In addition, maintenance requirements were anismtoapartofthesuspensionotherthantheaxle.lt 




1 



2 



BNSDOCID: <EP 0863060A2_L> 



.t< " 



EP 0 863 060 A2 



is this main purpose of this invention tb'foif ill this need in 
the art. : "•• ' 5 " ' '"' v 

, . Another problepi of known axle suspension system 
is further discus§e<£. 

\,, .Generally speaking, Jn trailing and leading beam- 
type suspensions, a rather unique problem occurs. The 
problem is that during operation of the vehicle, the axle 
may be stressed to a cross-sectiohai shape other than 
as manufactured l (e.g. stressed "out-of-round", if a cylin- 
drical axle is employed). There are two different loading 
conditions that cause this unique problem: 

I forces frhposed on the suspension and axle dur- 
ing vehicle cornerings; and 

2. forces imposed oh the suspension during a verti- 
cal single-wheel input. 

Referring to Figures 1 and 2, a rear view of a typical 
trailer, adequately illustrates these forces: Trailer 1 is 
formed of body 3, wheels 5, axle 7, and side frame rails 
9 (the suspension is omitted for clarity). 

Figure 1 shows the forces incurred during trailer 
cornering. CG is the center of gravity of the vehicle. As 
trailer 1 is maneuvered about a corner, a centrifugal 
force "F" acts upon the vehicle at its center of gravity 
CG. The force "F" is proportional to the radius of the 
curve, or corner, and the vehicle's speed squared. This 
creates a roll mohieht "M" that is proportional to the 
height of the "center of gravity off the ground and the 
ma^nrtude' of : centrifUgai fbrce T". 
* 1 Since the vehicle is jh'a steady state condition, the 
roll moment is resisted at the tire-to-road interface by an 
equlfr but opposite foment created by unloading the 
tire of one side of the vehicle by a force "W" and increas- 
ing ih& load on the opposite side tire by the same force 
Wigiiitude n W ; ." ' • vi / ' / : ; y j '/ % 

V^^the* roN morhefit c^ules the ; trailer to lean as 
cJeprcteS in Figure 'T^andis -due to tire and suspension 
deflections. The tire deflection is proportional to ? W 
SahdHhe r^icfial ^ring rate of the tires, the suspension 
d^Tebtion ^ effective roil 

center r bf W^suspertsibn, and the toll rate bi the sus- 
pension. 

- the forces caused by "this roll ' moment must be 
tran£fbYred%6m i the' Vbhicle body, through the suspen- 
sion into' the'axle aiid'bn through : the tir^ to the road 
Surface. Transferring the loads from the suspension into 
the axle Is mufcff cliff brent' in reading and trailing arm air 
suspbnsibns thari in any- other type of suspension, 
thereby creating thb previously mentioned unique prob- 
lem of leading* and trailing "arm £ir suspension systems. 

Figure 2 illustrates the same trailer 1 and load con- 
figuration as in Figure 1 , except the axle, tires and part 
bf the suspension are omitted. Elements 1 1 in the draw- 
ing* are the hanger brackets that attach the suspension 
to the body of the trailer. In this case, the roll moment 
"M" is resisted by equal but opposite forces "S" that the 
suspension inputs to brackets 11. The forces "S" are 



similar for virtually all recognized types of suspensions. 
The forces "S" for brackets 1 1 are, of course, the same 
for any such suspension employed with brackets 11 (as 
generically illustrated). 

5 Reference now is made to Figure 3. Figure 3 illus- 

trates one side of a typical spring suspension 13 that 
consists of front suspension bracket 21, rear suspen- 
sion bracket 22, steel spring 23, means 24 for attaching 
spring 23 to axle 7, and radius rod 26. The force "S", as 

10 depicted in Figure 2, is distributed between the two sus : 
pension brackets 21 and 22, onto both ends of spring 
23, then transferred through spring/axle attachment 24, 
and into axle 7. The resultant force transferred into axle 
7 is simply the vertical force "S v ": If the other side of this 

75 type of suspension were shown, the loading would be 
the same except the vertical force would be in the oppo- 
site direction. 

Another known type of suspension is illustrated in 
Figure 4. Here, half of a typical walking beam suspen- 
se si on 15 consists of front suspension bracket 31, rear 
suspension bracket 32, steel spring 33, and saddle 
assembly 34 that pivotally attaches spring 33 to walking 
beam 35. Axle brackets 36 pivotally attach beam 35 to 
axles 7 A and 7B. The force "S". as depicted in Figure 2. 

25 is distributed between the two suspension brackets 31 
and 32, onto both ends of spring 33. then transferred 
through saddle assembly 34 and into walking beam 35. 
The force is then transferred equally to axles 7A and 7B. 
The resultant force transferred into each of axles 7 A and 

30 IB is simply half the vertical force "S M (here illustrated 
as S/2). If the other side of this type of suspension were 
shown, the loading would be the same except vertical 
force M S" would be in the opposite direction. ^ 
Most known suspensions behave in the manner as 

35 those depicted in Figures 3 and 4, in that the forces put 
into the suspension to resist roll moment "M" result in 
forces into the axle that are vertical in nature only, this 
exception to this, however, is leading and trailing arm air 
suspensions, wherein an additional force acts upon the 
. 40 axle. 

With the design illustrated in Figures 5, 6 and 8 , air 
spring 43 is designed to have a very low spring rate (i.e. 
force/deflection); and, therefore, it contributes very little 
to resisting roll moment "M". The force "S", as depicted 

45 in Figure 2, is transferred primarily into suspension 
bracket 41 and then into one end of trailing arm beam 
42, through rigid axle connection 44 and into aixle 7. The 
resultant forced info axle 7 c are a vertical force equal to 
"S" and a torsional force *T\ equal to vertical force H S M 

so , multiplied by beam iehgth*L" (i.e. T=SxL ). 

Additionally, the axle acts as a beam element sup- 
porting the vertical loads transmitted from the tires 
through the axle and suspension to the vehicle frame. 
These loads generate a bending moment into the 

55 axle, thereby placing the bottom of the axle in tension 
and the top of the axle in compression. A weld on the 
surface in tension creates the potential for an axle life 
reducing stress riser. 
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Reference is now made to Figure 6, which illustrates 
the cbrrlplete trailing arrn suspension 17 with wheels 5 
and axle 7 attached (brake actuation mechanism ' 19 
shown in Figure 5 is omitted). 

Figure 6 illustrates axle 7 with trailing arm. beams 
42 attached to and their resultant forces on axle 7. The 
vertical load "S" is similar for all suspensions, but this 
type of leading or trailing arm suspension 1 7 adds an 
additional torsional force T" to the axle, it is this tor- 
sional force that creates a unique design stress problem 
that must be overcome in the design of the trailing, or 
leading, arm suspensions. 

While the suspensions disclosed in U.S. Patent No. 
4,166,640 and 5,037,126 successfully overcame this 
unique problem, the instant invention overcomes it in a 
unique and highly advantageous way, thereby constitut- 
ing a still further improvement on the basic pioneer 
invention of the '640 patent. In this respect it should be 
remembered, as illustrated in Figure 7, that the forces 
imposed on a suspension and, therefore, the axle, are 
the same for single wheel input (e.g. one dual wheel 
going over a curb "C, as illustrated, or one dual wheel 
dropping into a pothole), as they are for the case of 
trailer cornering, as described above with respect to 
Figures 1-6 * 

Figure 5 illustrates an embodiment of the invention 
disclosed and claimed in above-referenced U.S. Patent 
No. 5,037,126. In this suspension, and as is widely used 
in the prior art, U-boits 39 are used to share in transfer- 
ring torsional loads T" caused by the trailing arm sus- 
pension into the axle. In '126, furthermore, a rigid, 
welded axle-to-beam connection is also used. Rela- 
tively thick axles are employed, and through proper 
engineering design, the axle safely accepts torsional 
loads "T". Nevertheless, U-bolts or similar parts are 
necessary, and the axle must be designed to be strong 
(e.g. heavy) enough to accept these forces. 

It has now been discovered that virtually all previ- 
ous commercially acceptable designs of loading or trail- 
ing beam suspensions, whether of the '126 or other 
types as exemplified by citation above, through their 
design which allows the axle to have transferred to it tor- 
sional loads T", also causes the axle to change its cir- 
cumferential (i.e. cross-sectional) shape (e.g. "out-of- 
round" if the axle is cylindrical, as illustrated in Figures 
5-6). This is caused by inputting torsional loads at two 
points "M" and "N" (Figure 5) only around the axle cir- 
cumference. ' _ , 

The U-bolts employed in previous preferred designs 
serve the function of significantly, minimizing this 
change in cross-sectional shape. Not to do so could oth- 
erwise cause unacceptable stress risers at the point of 
constraint (e.g. at the weld of the axle to the beam). 
Thus, in most acceptable, known designs of the trailing 
or leading beam type, U-bolts become a preferred 
means for improving the life of the suspension and axle. 

In view of the above, there exists a further consider- 
able, and long-felt need for a new trailing or leading 



beam suspension whiph achieve?; all of the benefits of 
prior designs of this/type,',but,whjcn aiso overcomes the 
need to employ U : t>^ the'same time not. giv- 

ing rise to stress,, risers at the axle-tprbeam connection, 
5 due to torsion and bending forces/It is further a purpose 
of this invention to fulfill this need in the art. 

SUMMARY OF THE INVENTION 

io .According to the present invention for the, first 
known time in trailing or leading beam-type suspen- 
sions, the brake actuation system may^be attached to 
the. beam and pot to the axle, thereby eliminating the 
problem of axle stress risers at the point of brake actua- 

75 tion mechanism welding. 

This invention also achieves its purposes by effec- 
tively surrounding the axle at the axle-to-beam connec- 
tion with a rigid connection substantially 360° around its 
circumference, thereby and substantially, prohibiting the 

20 axle from being stressed out of its manufactured cross- 
sectional shape (e.g. preventing any substantial amount 
of "out-of-round'\from occurring if the axle is cylindrical), 
and eliminating the need for U-bolts in a trailing or lead- 
ing beam-typ^ suspension. 

25 According to the present invention there is provided 
in an axle bearing suspension system for a wheeled 
vehicle wherein external forces imposed on the vehicle 
to which said suspension system is attached result in 
torsional forces being imposed oh said axle, said sus- 

30 pension system including a brake.actuation mechanism 
comprised of a brake chamber, an S-cam assembly 
comprising an S-cam bearing, a slack adjuster, an -elon- 
gated beam, a pneumatic bellows located on said 
beam, a hanger bracket located at one end of ; said 

35 beam, means for rigidly connecting said c axle "to, said 
beam, and a pivot connection for.resijjently connecting 
said beam to said hanger bracket, characterized by 
comprising:., - . _ . . / 

40 means located, qn said .beam for attaqhing baid S- 

cam . .. ' ; ' V.J," ,.' r ..',:""-^:-..-, ,•' l.v •-■ 

bearing directly to said beam, and M . *. ~ 
means for directly attaching. said brake chamber to 
said beam. \ 

45 . . _ . . . ' * /; 

In a particularly preferred . .embodiment pf the 
present invention, there is provided in a beam type, axle 
suspension system subject to both bending ( and tor- 
sional forces, means for rigidly connecting the axle to 
so the beam, comprising an orifice in trie beam of a larger 
size but substantially the same shape as the axle and 
through which the axle, with a sleeve rigidly attached 
thereto, is slid or pressed. The beam is then rigidly 
attached to the sleeve. The sleeve may be provided with 
55 windows at which the rigid connections to the axle may 
be made. These windows eliminate the need to weld the 
axle along the surface placed in maximum tension, the 
bottom surface of the axle, due to the bending moment 
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generated by the ^vertical loads transmitted from the 
tires : throCigh the axle >usperfsio^W 4 the vehicle frame. 
This maximizes axle life in ' binding by eliminating 
potential stress risers on the surface of maximum ten- 
sion*. ' ' ' '\y V ' ; s 5 

In certain preferred embodiments of this invention, 
either of the above two cjes.cribed rigid axle-to-beam 
connection concepts rha'y be coupled together with the 
above brake component location concept in a single 
suspension. In particularly preferred embodiments, fur- io 
thermore, the pivotal connection of beam-type axle sus- 
pensions is designed in accordance with U.S. Patent 
No. 4,166,640 (Figures 5,6 and 8 thereof and corre- 
spbnding description). The entire disclosure of this pat- 
ent is incorporated herein by reference. 

This invention will now be described, with respect to 
certain embodiment^ thereof, as illustrated in the 
accompanying drawings, wherein: 

IN THE DRAWINGS 

Figure 1 is a rear schematic View of a typical trailer 
v on which the subject invention'may be employed. 
Figure 2 is a rear schematic partial view of Figure 1 . 
Figure 3 is a side, partial view of a typical, known 
suspension.' \ 

Figure 4 is a side; partial view of another typical, . 
known suspension. * ' /*, 

Figjure'5 is asidel'partial view of ah embodiment of 
^ r suspension according to US. Patent No. 

- 5^37,126. ^ 'i ; ■ ' ; 

Figure 6 is a perspective view of the complete sus- 
: ■ pension with wtfeels and axle of the suspension in 
; ""Figured. "\ :p / \ 

- r ; e Figure 7 is a rear schematic view of the trailer in 
G U? -Fjgure 1 , wherein the left dual wheels are oh top of 

- * Sa curb:~ 9 ; 

Figure 8 is a perspective view of the suspension in 
Figure 6, with the brake chambers , S-cam and 

- fc: £lack adjusters mounted to the' axle.' 

Figure 9 is a perspective view of one embodiment 
of this invention. ,p '~ r * ** _ : " 

: Figure 1 0 is an exploded view of the embodiment of 
Figure 9. 

Figure 1 1 is a perspective view of another embodi- 
ment of this invention: ' v * 
r ' ** Figure 12 is^ri exploded view df the embodiment of 
Figure if. J 

- 1 Figure 13 is ai side view of the embodiment of either 
- of Figures 9 and 10. 

' Figure 14 is an isolated view of the axle and sleeve 
shown in the embodiment of Figures 1 1 and 12. 
' Figure 15 is a side partial view of the embodiment 
• ir ' of Figures 1 1 and 12. : 

DETAILED DESCRIPTION OF THE INVENTION 

A first embodiment of this invention is illustrated in 



Figure's 9 and 1 0. In this embodiment there is presented 
a pair of each q\ the. elements (except axle 7) for. each 
side of the vehicle, in drder'to m^ke up a complete sus- 
pension. One side of the suspension attaches in con- 
ventional fashion to one each of the pair of longitudinal 
frame rails of the vehicle (e.g. frame rails 9 in trailer 1, 
Figure 1).* 

This invention finds wide application in a variety of 
vehicles. It is understood in this respect that. any sus- 
pension environment which experiences .the above- 
described problems, and wherein this invention may be 
used to solve these problems, is considered to be within 
the scope of this invention. As already stated, such 
problems are particularly apparent in the leading and 
trailing beam (rigid or flexible) type suspensions and, 
thus, this invention finds unique and advantageous 
applicability in such ah environment. Particularly advan- 
tageous usage in this respect is in the heavy-duty truck 
and trailer industry, for example, in rigs known as "18- 
wheelers". 

With further reference to Figures 9 and 10, the sus- 
pension illustrated includes hanger brackets 55, having 
shobk absorbers 57 mounted thereon at one end. The 
other end of shock absorber 57 is mounted to the side 
of rigid beam 59. 

Rigid beam 59, in turn, is pivotally and resiliency 
connected at one end to hanger 55 by pivot assembly 
61. which includes bolt means 62 and resilient bushing 
member 63. Resilient bushing 63 has orifices 65 in its 
end portion, as shown and described in U.S. Patent No. 
4,166,640. In fact, the entire pivot assembly 61, includ- 
ing resilient bushing 63, is preferably that as disclosed 
in the aforesaid U.S. Patent No. 4,166,640. "~ 

Located intermediate the ends of beam 59f in its 
side walls are axle-confining orifices 67. As can be 
seen, orifices 67 are only slightly larger in cross-section 
than axle 7, so as to allow axle 7 to be slid or pressed 
therethrough. The cross-sectional shape of orifices 67, 
in this respect, matches that of axle 7. Thus, as illus- 
trated, orifices 67 are round because axle 7 is cylindri- 
cal If axle 7 were rectangular, then orifices 67 would be 
of a matching rectangular shape, etc. 4 

By locating axle 7 through orifices 67 as illustrated, 
axle 7 is confined by beam 59. Referring to Figure 13, 
axle 7 may then be rigidly attached to beam 59 merely 
by welding the two together with a continuous 360° weld 
105 around the orif ice/axle interface, to eliminate stress 
risers due to discontinuities. Axle 7 is, through proper 
engineering design, relatively thick thereby, to safely 
accept torsional loads. Further, the thick axle minimizes 
the effect of stress risers due to welding, particularly 
along the bottom surface, area Z shown in Figure 13, 
placed in tension due to the bending moment generated 
by the vertical loads transmitted from the tires through 
the axle suspension system to the vehicle frame. When 
so constructed, torsional forces cannot stress axle 7 
substantially out of round, and stress risers in the axle 
that may otherwise have occurred, are eliminated. In 
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addition, there is no need for expensive, weighty, and 
mairtenance-requirirlg U-bolts to connect the axle to 
the beam. The above disclosed further significant, long- 
left need in the art is thereby met. 

Bolted to the top of the beams are air bags 69 of 
conventional design. In addition to providing an air ride 
suspension, in known fashion, they also serve as the 
other connection of the beam to the frame rails of the 
vehicle (also in known fashion). Air bags 69 may be of 
any conventional design, and may be located at numer- 
ous places above or below the axle centerline, in 
accordance with known criteria for ride height, etc. 

Figures 9, 10 and 13 illustrate the main feature of 
the instant invention, i.e. the ability to attach the brake 
actuation mechanism to the beam and thereby avoid 
entirely any welding or other type of attachment to axle 
7 between the beams, except for the rigid axle-to-beam 
connection. The axle-to-beam connection, as described 
above, is rigid. This is important. To be safe, brake 
chambers and S-cam assemblies must remain in the 
same position relative to the axle, or the brakes may not 
operate properly. Through the use of the unique resilient 
bushing arrangement of U.S. Patent No. 4,166,640, 
which allows a rigid axle-to-beam construction (as well 
as a rigid beam), the beam now becomes a better loca- 
tion for attaching the brake chamber and S-cam assem- 
bly as the axle was in the prior art. because the stress 
risers, due to welding attachment brackets to the axle in 
an area of high torsional stress, are eliminated. Thus, 
with reference particularly to Figure 13, it can be seen 
that air brake chamber 27 may be connected to rear 
face wall 71 of beam 59 by bolts 99 in chamber 27 and 
nuts 73. Additionally, S-cam bearing bracket 79 support- 
ing S-cam 83 may now be connected to side wall 77 of 
beam 59 by bolts 85 and huts 87 (at Ficjure 10).. 

In this way, the brake chamber 27 and S-cam bear- 
ing 79 are rigidly attached to the beam 59, and are, 
therefore, not welded directly to the axle 7, thereby elim- 
inating the potential for stress risers which, previously 
could occur in the axle due to welding qf these brake 
components to the axle, yet they are maintained in con- 
stant relation to the axle because of the rigid axle-to- 
beam connection. 

A particularly preferred embodiment of the present 
invention is shown in Figures 11, 12, 14 and 15. Ele- 
ments herein employed, which are the same as those 
shown in Figures 9-10, are similarly numbered. In this 
embodiment there is again presented a pair of each of 
the elements (except axle 7) for each side of the vehicle 
in order to make up a complete suspension. One side of 
the suspension attaches in conventional fashion to one 
each of the pair of longitudinal frame rails of the vehicle 
(e.g. frame rails 9 in trailer 1 of Figure 1). 

Referring then to Figures 11 and 12, the suspen- 
sion illustrated includes hanger brackets 55 having 
shock absorbers 57 mounted thereon at one end. The 
other ends of shock absorbers 57 are mounted to the 
side of rigid beam 59. Rigid beam 59, in turn, is pivotally 



and resiliency connected at one, end to hanger .55 by 
pivot assembly "6V.wr?icri includes bplt means 62~and 
resilient bushing members 63. Resilient bushing 63 has 
orifices 65 in its end portion, as shown and described in 

5 U. S. Patent No. 4, 1 66,640." In fact, entire pivot assembly 
61, including resilient bushing 63, is preferably that as 
disclosed in aforesaid U.S. Patent Klb. 4,166,640. 

Located intermediate the ends of beam 59, jn its 
side walls are axle-confining orifices .67. As can be 

10 seen, and as differs from the previous embodiment illus- 
trated in Figures 9-10, orifices 67 are larger in crqss- 
section than axle 7, so as to aillow sleeve 89, which^may 
for ease of manufacturing be made up of a top half 91 
and a bottom half 95, to be fitted therethrough. Sleeve 

is 89 reinforces axle 7 and is used wherever it is antici- 
pated that heavier loads are to be carried. or sustained 
by the suspension during use. 

As best illustrated in Figure 14, sleeve 89 is 
attached to axle 7 by welding, brazing, soldering or 

20 adhesively bonding. When the preferred process of 
welding is used, care must be tak^n not tb attach the 
sleeve to the axle at areas of high bending stress of the 
axle, i.e. "along the surface of the axle adjacent to face 
97 of the sleeve. In the preferred embodiment, there- 

25 fore, windows 93 are provided, in top sleeve portion 91 
and bottom sleeve portion 95 along a line through the 
sleeve parallel to the.lpngitudinal axis of the vehicle, for 
welding to axle 7 fpre and aft of axle 7 (see Figure 12). 
Referring to Figure 1$, this eliminates welding along the 

30 bottom surface, area Y. of ; the axle, which, is theVarea 
placed in maximum tension due to bending forces ( . Fig- 
ure. 14 shows an isolated view of axle 7, with sleeve.89 
rigidly attached thereto by welding 1 01 along the edges 
of windows 93. The weld is preferably continuous, elim- 

35 inating any stress risers caused by interruptions, of ;? the 
weld. Optional weld 103 may be made at the interface 
between top half 91 and bottom Ipalf 95 qf sleeye.89. It 
is also to be noted, with respect to Figure 1 4 and partic- 
ularly Figure 15, that sleevie. 89, \s in intimate .contact 

40 throughout its entire inn erV^urface, along, its. .entire 
length,, with, the outsidjs surface of ax|e, 7. 6uch contact 
has been found to maximize axle ~ life. 'By making sleeve 
89 of two halves, the tight fitment of sleeve 89. into full 
intimate contact with axle 7, as described, may be read- 

45 ily achieved, through such techniques as press-fitting 
the two halves together. ... ~ 

Shrink-f itting may be employed using a single circu- 
lar sleeve, if desired. 

With sleeve 89 rigidly attached to axle 7, as 

so described above, the axle, and sleeve , are slid or 
pressed through orifice 67 of beam 59. Referring to Fig- 
ure 15, sleeve 89 is then rigidly attaiched to beam 59 by 
welding the sleeve to the beam with a 360° weld 107 
around the orifice/sleeve interface. When so con- 

55 structed, the potential for stress risers in the axle, that 
may otherwise arise, is virtually eliminated, axle life is 
maximized by not welding on the bottom surface, area Y 
of Figure 15, of the axle put in maximum tension due to 
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the bending moment caused by vertical loads transmit- 
ted from/the tires; through the axfe and the suspension 
to the vehicfe frarnef/and torsionarforces cannot stress 
axje 7 substeritiafly dut of rpun^.', 1 

. Furthermore, as in. the. embodiment of Figures 9 s 
arid 10, conventional air bags 69 are bolted to thejop of 
beam 59, thereby providing an air ride suspension and 
serving as the other connection of the ' beam to the 
frarn^ rails of the vehicle (all in known fashion). Air bags 
69' may be "of any conventional design, and may be io 
located at numero&s places above or below the axle 
cenlerline, in accordance with known criteria for ride 
heigfit, etc. 

J " Also illustrated in Figures 11 and .12 and as in the 
embodiment of Figures '9 and 10, the brake assembly, 15 
including air chamber 27 and S-cam bilaring 79, may be 
connected to the beam, thereby avoiding entirely any 
welding or other type of attachment to axle 7, except for 
the rigid axle-to-sleeve connection. Once again, the 
important rigid axle-to-bdam connection is maintained 20 
and, through the Use of the unique resilient bushing 
arrangement of U.S. Patent Noi 4, 166, 640 which allows 
a rigid axle-to-beam connection (as well as a rigid 
beam), the beaim is al better location for mounting the 
brake chamber and S-cam assembly as was the axle in 25 
prior art emtxriim^nts. because the relative distance 
between the axle and brake component is constant. 

Given the abqvfe' disclosure, many other features? 
modification^ 1 ithd imf5/3v6ments wilfliecbme apparent 
to theskilfed Srtisan. lSlJCh features, rhodificatfons and 30 
improvements are, therefore/ considered to be a part of 
this invention, the scope of which is to be determined by' 

the fbllbwrng claims' rr ' - • 1 ' " 

lie j>. h ;n .1.0 -''nV* . ■ ■ • ">■' : ■ • v K 

Claims- " j * - -t , 35 

T. rf m^*an *^)de c b^ring* suspension system for a 
f ! whe'feled vehicle wherein W^rnal forces imposfed 
to ; if 3rr'th'e vehicle to which said suspension systeim is 
' " attafched result In'tSrisionaf forces'being i inposed oh 1 40 
: ' r s^icf kxle, saicf "susperiWori '^system 1 including 'a* 
\ brafte actuation ^echafnism comprisecTof a brake 
chamber (27), an S-calrri assembly comprising an 
" S-cam'b^armg (79),' a' slack adjuster, an elongated 
beam (59y, it 5 pneumatic bellows (69) located on 45 
said beam, a hanger bracket (55) located at one 
: end of said PbeahS, Th6ahs for rigid ly connecti ng said 
axle (7) to said beam (59), and a pivot connection' 
(61) for relsilre'ntly connecting said beam to said 
hanger bracket,' characterized by comprising: so 

■ ' means (85. 87) located on said beam (59) for 

: attaching said S-cam 
1 " ; bearing (79) directly to said beam, and 

means (73, 99) for directly attaching said brake 55 
chamber (27) to said beam. 

2. The suspension system of claim 1 wherein said 



means for rigidly connecting said axle (7) to, said 
beam (59) comprises an orifice (67) in .said beam 
which substantially surrounds said axle and is rig- 
idly attached thereto, thereby to prevent said axle 
from assuming a cross-sectional shape substan- 
tially different from its unstressed shape when said 
torsional forces are imposed upon it. 

3. The axle suspension system of claim 2 further com- 
prising sleeve means (89) rigidly attached to and 
substantially surrounding said axle (7), and wherein 
said orifice (67) in said beam substantially sur- 
rounds said sleeve means (89) and is rigidly 
attached thereto. 

4. The axle suspension system of claim 3 wherein 
said sleeve means (89) further comprises window 
means (93), said window means having an edge for 
welding (101) said sleeve means (89) to said axlei' 

' (7), such that when the axle is connected to said 
sleeve means by welding (101) along said edge, 
and no other, there exists no weld at a location 
where said axle is placed in maximum tension by 
operative bending forces. 

5. The axle suspension system of claim 3, wherein 
said rigid attachment of said beam (59) to said 
sleeve means (93) is by continuously welding (107) 
360° about said sleeve means (89). 

6. The axle suspension system of claim 1 wherein 
said pivot connection (61) for resiliency connecting 
said beam (59) to said hanger" bracket (55) com- 
prises an elastic means having a different degree of 
deflection beamwise than hangerwise, said;elastic 
means being located at a spaced distance from 
said axle connecting means in the path of articula- 
tion forces between the beam and hanger bracket 
and being sufficiently resilient to allow operative 
deflections in response to said articulation forces 
and at the Same time restrain longitudinal move- 
ment sufficiently to maintain substantially constant 
the distance between the hanger bracket airid the 
axle connecting means. 

7. The axle suspension system of claim 6 wherein the 
elastic means is contiguous to the hanger bracket. 

8. The axle suspension system of claim 7 wherein the 
elastic means' has a different spring rate in the ver- 
tical than in the horizontal. 

9. The axle suspension system of claim 8 wherein the 
hangerwise deflection of the elastic means is 
greater than the beamwise deflection and the 
spring rate in the vertical is less than in the horizon- 
tal. 
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1 0. The axle suspension system of claim 9 wherein the 
pivot connection (61) for resiliently connecting the 
hanger bracket and the beam includes a retaining 
pin (62) transverse to the direction of the elongated 
beam and connected to said hanger bracket (55) a 5 
tubular metal cylinder (63) in which said pin (62) 
non-rotatably resides and wherein said elastic 
means comprises an elastic tubular element (63), 
the inner surface of which is securely held to said 
metal cylinder such that substantially all pivotal 10 
movement about said pin (62) is within the elastic 
element. 

1 1. The axle suspension system of claim 7 wherein the 
pivot connection (61) for resiliently connecting the 15 
hanger and beam includes a pivot connection 
attached to the hanger (53) and said elastic means . 
comprised an element (63) having a different 
degree of deflection beamwise than hangerwise. 

20 

12. The axle suspension system of claim 11 wherein 
the hanger bracket (55) comprises two transversely 
spaced plates and said pivot connection (61) for 
resiliently connecting the beam (59) and the hanger 
bracket (55) comprises a retaining pin (62) extend- 25 
ing between and connected to the plates, said elas- 
tomer ic element extending around said pin and 
being of tubular shape, said element being held 
securely with respect to said pin (62) such that sub- 
stantially all pivotal movement about said pin is 30 - 
within the elastomeric element. 

13. The axle suspension system of claim 12 wherein 
said tubular elastomeric element (63) is thick 
walled, and the face of each wall at either end of 35 
said element is provided with at least one cavity ■.- 
(65) capable of providing a lesser degree of deflec- 
tion beamwise than hangerwise in said element. 

14. The axle suspension system of claim 13 wherein 40 
there are two cavities (65) in each face of said elas- 
tomeric element spaced at a vertical distance from 
said retaining pin thereby to provide a greater 
degree of deflection hangerwise than beamwise 

and a greater spring rate in the horizontal than in 45 . 
the vertical direction. 
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(54) Axle suspension systems 

(57) Axle bearing ^suspension system for a wheeled 
vehicle wherein 'exterhal forces imposed on the vehicle 
to which the susgehsibn system is attached result in tor- 
sional forces !b£ifig imposed, on theVlaxle. The suspen- 
sion system #riblude£ a\ brake actuation mechanism 
comprising :ar^ra>e cfiamb6r (27), an S-c£rn assembjy 
and ap*S-camjbearintff79). According to line present 



invention the axle bearing suspension system com- 
prises devices (85, 87) located on a beam (59) support- 
ing the axle for attaching the S-cam bearing (79) directly 
to the beam, and devices (73, 99) for directly attaching 
the brake chamber (27) to the beam. 
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